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1. Introduction
At RAN #65 meeting, the SI on 3D-channel model for Elevation Beamforming and FD-MIMO [1] was completed. This SI covers the identification of scenarios applicable to 3D beamforming, FD-MIMO and the evaluation methodology needed for modeling and evaluation of such techniques. The scenarios relevant to 3D channel models and the 3GPP evaluation methodology for 3D channel are captured in [2]. Another continued SI [3] which aims to study performance benefit of enhancements targeting two-dimensional antenna array operation is approved at the RAN#65 meeting. Some aspects on scenarios and methodology were discussed in the 3D-channel SI.  There are some remaining issues on details yet, e.g. which is the deployment scenario we should focus on? What are more interesting antenna configurations (such as antenna element spacing, number of antenna elements per TXRU, polarization, virtualization of antenna elements per single TXRU) for 2D antenna arrays?  
In this contribution, we further discuss these issues on deployment scenarios and evaluation methodology. Moreover we show the simulation results of  Rel-12 8Tx 2D MIMO in 3D channel.
2.  Deployment scenarios
For homogeneous networks, three usage scenarios of E-BF/FD- MIMO were discussed during the 3D channel model SI which includes:

· Scenario  3D-UMi with high UE density  (BS is below surrounding buildings)

· Scenario 3D-UMa with high UE density (BS is above surrounding buildings) 
· Scenario 3D-UMa-H with one high-rise per sector and 300m ISD (Density of high rise buildings is one per sector)
All the three scenarios are typical and worth to be fully studied in Rel-13, but unfortunately the 3D-UMa-H channel Model is not fully completed yet. Thus, we can study the first two scenarios in Rel-13.  As we point out in [8], the main challenge of FD-MIMO and E-BF is how to obtain reasonable CSI accuracy and performance with acceptable cost.  From this perspective, homogeneous network is sufficient in the initial stage to study enhancements like CSI-RS enhancements/CSI feedback enhancements and evaluate the performance. 
Heterogeneous networks scenario may be a good scenario for us to study interference mitigation.  If time is enough, we can also consider to study interference coordination between macro and pico/small cell using 3D/FD MIMO schemes to further improve system performance.  But before this, RAN1 should further discuss what the specific deployment scenario of heterogeneous network is for E-BF/FD MIMO first.  The only details of heterogeneous networks scenario discussed in the 3D Channel SI is captured  in [2] as below.

· Channel models developed for Urban Micro cell with high UE density and Urban Macro cell with high UE density scenarios shall support heterogeneous deployment scenarios.

· It is assumed that for heterogeneous deployment scenarios the macro BS height is at 25m and the lower-power node is at 10m height.

· The carrier frequency(s) for a macro can be 2 or 3.5 GHz or both if multiple carriers are used. The carrier frequency(s) for a low power node can be 2 or 3.5 GHz or both if multiple carriers are used. 

· The transmission power of a low power node can be 30/33 dBm for 10/20 MHz.
There are some open issues about details before we proceeding the study on this scenario.  In the previous 3GPP work, there are two heterogeneous scenarios which are for eICIC[4] and Small Cell Enhancements respectively [5].  In our views, re-using the scenario(s) defined in [5] can be a good starting point since it covers more different scenarios e.g. dense clustered deployment.   There are four scenarios defined in [5] - namely Scenario 1, Scenario 2a/2b, and  Scenario 3.  Among them, Scenarios 2 and 3 are usually used for studying the interference problem among small cells because macro and small cells are in separate frequency.  In general, small cells don't support large number of antennas due to size and cost.  So it seems not meaningful to study Scenarios 2 and 3 unless it is for frequency range higher than 5GHz which is out of scope in the 3D-Channel SI.  Scenario 1 seems to be a more reasonable scenario where macro cell is equipped with more antennas for better interference mitigation.  
Another remaining issue which is not clear enough is what the typical carrier frequency is for homogeneous and heterogeneous scenarios.  In general, high carrier frequency means higher path loss. On the other hand, we can deploy more antenna elements to obtain more beamforming gain if we assume a fixed ratio of antenna space and the wavelength.  Simple analysis on the pathloss and beamforming gain is done for different frequencies as shown in figure 1(a) and (b).
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                      Figure 1(a)  CDF of Path loss                                 Figure 1(b)  CDF of Path loss+ BF gain
Figure 1(a) shows the CDF of path loss of the 3D channel with 2.0GHz and 3.5GHz under 3D-UMi and 3D-UMa.    Here we assume the same antenna array size.  Comparing with 2GHz, it can roughly accommodate 4 times of antenna elements if 3.5GHz is used.  Under this assumption, about 5dB gain is observed.     Figure 1(b) shows the CDF of path loss and beamforming gain.  With the assumption of ideal beamforming, the performance between two frequency bands are similar.  Given that 3.5GHz may be preferred in some regions (e.g. with wider bandwidth as shown in tables 1 and 2), it is desirable to consider both 2GHz and 3.5GHz in both homogeneous and heterogeneous networks.  Comparing with 2GHz, we can consider more antenna elements for 3.5GHz.
	Uplink (UL)  BS receive

UE transmit  (MHz)
	UL bandwidths
	DL BS receive

UE transmit  (MHz)
	DL bandwidths

	3410 - 3490
	80
	3510 - 3590
	80

	2000 - 2020
	20
	2180 - 2200
	20


Table 1：Frequency bands and channel bandwidths for FDD

	UL/DL BS receive UE transmit  (MHz)
	bandwidths

	3400 - 3600
	200

	2010 - 2025
	15


Table 2：Frequency bands and channel bandwidths for TDD

Besides the issues discussed above, there are still quite a lot of open questions for heterogeneous network including 
· density of small cells

· backhaul assumption

· antenna configuration for small cells

· how traffic is distributed to the users

· whether there is cell range expansion

· what is the baseline for comparison

· whether calibration is needed for this scenario

It is already quite a lot of scenarios with many combinations of parameters (e.g. frequency band, different antenna configurations).  Given that there are a lot of details needed to be nailed down for heterogeneous network before any evaluation, it is reasonable to put this scenario to a lower priority.  This scenario will be studied only when we have sufficient time after studying the homogeneous network scenarios. Therefore, we have the following proposal:

Proposal 1:  Put homogeneous network scenarios to a higher priority comparing with heterogeneous network.  
3. Evaluation methodology 
In this section, we discuss antenna configurations in the first four sub-sections and traffic model in the last subsection.

3.1   Polarization

Dual XPOL polarization can efficiently save antenna space and usually provides more diversity gain and rich scattering for larger degree of freedom.   It should be the default type of polarization especially for large number of antenna ports.  Single polarization can still be considered as an optional configuration for smaller number of antenna ports. 
3.2  Antenna element spacing

If the constraint is on the antenna size, using large antenna element spacing decreases the number of antenna elements significantly.  However, too small spacing would result in antenna coupling which may change the matching characteristic of the antenna elements and the radiation pattern.   Therefore, by making sure the impact of coupling is low enough,  it is often considered to choose the antenna spacing as small as possible so that more antenna elements can be fit into the limited antenna size.  [6] provides the relationship between mutual coupling and the antenna spacing.  The typical antenna spacing values 0.5λ and 0.8λ are used for calibration in 3D-Channel SI.   As shown in figure 3,  the mutual coupling of 0.5λ is slightly worse than that of  0.8λ.  However, the performance difference seems to be in an acceptable range.  Further reducing the spacing would cause significant loss.  Therefore, we prefer to use 0.5λ for the antenna spacing.
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Figure 2. Mutual coupling with different antenna separation[6]
3.3   Virtualization of antenna elements per single TXRU

Virtualization of antenna elements is needed when single TXRU contains multiple antenna elements.  Virtualization includes virtualization in the vertical domain or horizontal domain.  Considering the current major scenarios of 3D-UMa and 3D-UMi, it is expected that the elevation domain does not vary a lot.  When we consider MU-MIMO, the spatial separation is still mostly on the azimuth domain.  Therefore, it is desirable to keep more TXRUs on horizontal antennas so that spatial granularity is finer in azimuth domain and hence more overall beamforming gain can be achieved.  Based on this analysis, here we focus more on the virtualization on the vertical antenna elements.  There are two possible ways as shown in figures 3 and 4.   The virtualization method in figure 3 is done by grouping the adjacent antenna elements in the same TXRU while the method in figure 4 allows more spacing between antenna elements in the same TXRU.  The method  in figure 4 can support better TXRU gain pattern but there could be some loss due to less TXRU separation.   These two virtualization methods  can be both considered.
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Figure 3                                                                                    Figure 4
3.4   Number of antenna elements per TXRU (K value)
The TXRU gain pattern is different with different number of antenna elements per TXRU K.  With more elements per TXRU, more gain per TXRU and narrower 3dB beam width are expected. However, number of TXRUs would be less. There are several K values {1,2,4,10}  that were discussed for calibration during 3D channel SI phase.
For UMA scenarios, UEs are below eNB antennas and the range of elevation angle is not as large as UMI. In figures 5a, CDF curves of TXRU gain plus potential vertical beamforming gain are plotted based on the agreed UE dropping.  Here the potential vertical BF gain are assumed to be 9dB, 6dB, 3dB, 0dB for K=1, 2, 4, 10 respectively.  The maximum TXRU gain is calculated according to the following equation (1):

G(dBi) = 10lg(32000/HPBWH×HPBWV)             (1)
where HPBWH is the 3dB horizontal beamwidth of antenna gain pattern，HPBWV is the 3dB vertical beam width of antenna gain pattern. It can be seen that some UEs do not have good coverage when K=10 because the vertical beam is very sharp, we can also see K=2 and K=4 have similar performance but K=4 implies smaller number of total TXRUs. Therefore, depending on different situations, K=1, K= 4 should be considered in UMA.
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              5(a) UMA, D=0.5λ                                            5(b) UMi, D=0.5λ
Figure 5. UE geometry with different K values in UMa and UMi

In figures 5b, CDF curves of TXRU gain are plotted based on the agreed UE dropping in UMI.  Again, K=10 doesn't provide good enough coverage for considerable amount of UEs.  More UEs are in the blind spot in UMI scenario.  This is due to the fact that wider range of elevation angles is required when the eNB antennas are below surrounding buildings in UMi. Considering less TXRUs is needed, K=1 and 2 seems to be reasonable choice in most of the cases according to the antenna gain CDF.
Proposal 2:  Use K=1 and K=4  in 3D-UMa scenario.  Use K=1 and K=2 in 3D-UMi scenario.
3.5   Non-full buffer traffic model
In [2], it is suggested to use realistic non-full buffer traffic model.  FTP traffic model 1 or 3 [5] can be used.   For study of MU-MIMO with EBF/FD-MIMO, number of UEs should be larger than before since distribution of the UEs are now in 3D.  Also, we should focus on high load case for MU-MIMO.  
Therefore, we propose to use the following parameters: 
Proposal 3: 

· FTP Model 1 or 3 
· Number of UEs per macro cell is 30   

· FTP file size is 2MByte or 0.5MByte 

· Simulations are run for various λ that lead to covering the range [20 - 80]% of RU with higher priority on the high load cases (i.e. RU=70-80%)
4. Initial evaluation results
In [2],  it is stated that evaluation of Rel-12 DL-MIMO should start RAN1#78bis.  i.e.

· Evaluate the performance of Rel-12 downlink MIMO (including both SU- and MU-MIMO) using 3D-UMa and 3D-UMi channel models.
In this section, our initial evaluation results of 8Tx XPOL with Rel-12 downlink SU-MIMO are shown.  Simulation assumptions are in the appendix.
	Scenario
	Traffic Load
	Antenna Topology

(with XPOL)
	Mean UPT (Mbps)
	5% UPT (Mbps)
	50% UPT (Mbps)
	95% UPT (Mbps)

	3D-UMi
	Low

(RU ~= 20%)

(2MByte,λ=0.4)
	1V4H (1x4)
	30.42
	8.75
	26.29
	61.54

	
	
	2V2H (2x2)
	29.69
	8.67
	25.32
	61.38

	
	
	4V1H (4x1)
	29.43
	8.89
	25.20
	61.23

	
	Medium

(RU ~= 40%)

(2MByte,λ=0.7)
	1V4H (1x4)
	26.52
	6.45
	21.49
	61.54

	
	
	2V2H (2x2)
	25.66
	6.08
	20.44
	61.54

	
	
	4V1H (4x1)
	25.64
	6.11
	20.84
	60.84

	3D-UMa
	Low

(RU ~= 20%)

(2MByte,λ=0.4)
	1V4H (1x4)
	30.17
	9.16
	26.44
	61.54

	
	
	2V2H (2x2)
	29.68
	8.84
	25.86
	61.46

	
	Medium

(RU ~= 40%)

(2MByte,λ=0.7)
	1V4H (1x4)
	27.60
	6.52
	23.34
	61.46

	
	
	2V2H (2x2)
	26.39
	6.29
	21.84
	61.54


Table 3 Simulation results for 8Tx array, 3D channel, SU
In table 3, we have the results for three different antenna configurations (1x4, 2x2, 4x1) for 3D-UMi and two antenna configurations (1x4, 2x2) for 3D-UMa.  It can be observed that without any enhancements, horizontal array performs the best in both 3D-UMi and 3D-UMa scenarios.  There is small loss if 2D array (2x2) or vertical array (4x1) is used.    From this preliminary results, it seems that 2D array is not a good configuration for Rel-12 8Tx MIMO.  To get higher gain for 2D array, either enhancement is needed or higher number of antenna ports is needed.  These can be the baseline results for the comparison of any enhancement scheme and any other antenna configurations.
5. Conclusion
In this contribution, we discuss the deployment scenarios and evaluation methodology.  For evaluation methodology, we discuss the aspects of polarization, antenna element spacing, virtualization of antenna elements, number of antenna elements per TXRU and the non-full buffer traffic model.   Based on the discussion, we have the following proposals:
Proposal 1:  Put homogeneous network scenarios as higher priority comparing with heterogeneous network.  

Proposal 2:  Use number of antenna elements per TXRU K=1 and K=4  in 3D-UMa scenario.  Use K=1 and K=2 in 3D-UMi scenario.
Proposal 3: For non-full buffer traffic model, the following parameters are used 

· FTP Model 1 or 3 

· Number of UEs per macro cell is 30   

· FTP file size is 2MByte or 0.5MByte 

· Simulations are run for various λ that lead to covering the range [20 - 80]% of RU with higher priority on the high load cases (i.e. RU=70-80%)
Finally, our initial evaluation results of Rel-12 downlink SU-MIMO with 8Tx XPOL array are provided. 
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Appendix A
Table A.1 Simulation parameters for small cell Scenario #1 deployment
	Parameters
	Assumptions

	Cellular Layout
	Hexagonal grid, 7 sites, 3 Macro cells per site, geographical based wrap‑around

	Number of UEs dropped within each macro geographical area
	30

	Channel Model
	 3D UMa , 3D UMi [5]

	Operating bandwidth (BW)
	10 MHz

	Tx Power
	46dBm 

	UE Speed
	3km/h

	Antenna configuration
	Transmitter: 8Tx cross-polarized antenna
Receiver: 2Rx cross-polarized antenna at UE

	CQI/PMI reporting interval and frequency granularity
	5ms for CQI/PMI, 6RB

	Feedback scheme
	Rel-12 enhanced CSI feedback, PUSCH mode 3-2

	Delay for scheduling and AMC
	6ms

	Scheduler
	Proportional Fair

	Receiver
	MMSE-IRC

	HARQ Scheme
	Chase Combining

	Maximum number of retransmissions
	3

	Traffic model
	FTP model 3, File size is 2 MByte

Including low, medium load levels (e.g. RU 20%, 40% across all cells)

	Feedback Assumption
	Non-ideal, based on CSI-RS for channel measurements, based on DMRS for data demodulation, based on IMR for interference measurement
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